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DESCRIPTION 



IMAGE DISPLAY DEVICE, IMAGE DISPLAY PANEL, PANEL DRIVE 



DEVICE, AND METHOD OF DRIVING IMAGE DISPLAY PANEL 



TECHNICAL FIELD 



The present invention relates to an image display 
device for precharging a signal line with a predetermined 
potential in advance when successively supplying pixel data 

10 of three primary colors to the related signal line during a 
period excluding a blanking period of one horizontal 
scanning period, that is, a line display period, an image 
display panel having a precharge function, and a drive 
device and a method of driving an image display device. 

15 BACKGROUND ART 

An image display device, for example_£ a liquid crystal 

display or other image device display having fixed pixels, 
as is well known, has an effective pixel area in which a 
plurality of pixel circuits (hereinafter simply referred to 

20 as "pixels") are arrayed in a matrix and in which three 
primary colors are assigned to the pixels in a 
predetermined array. 

Each pixel of the liquid crystal display, while not 
particularly shown, is comprised of a pixel select element 

25 constituted by a thin film transistor (TFT) , a liquid 
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crystal cell having a pixel electrode connected to a drain 
electrode (or a source electrode) of the TFT, and a storage 
capacitor having one electrode connected to the drain 
electrode of the TFT. 
5 These pixels have scanning lines laid along the pixel 

array direction of the pixel rows (hereinafter also 
referred to as "pixel lines") and signal lines referred to 
as data lines laid along the pixel array direction of the 
pixel coliimns. Gate electrodes of the TFTs of the pixels 
10 are connected to the same scanning line in xinits of pixel 

rows, while source electrodes (or drain electrodes) thereof 
are connected to the same signal line in units of pixel 
columns • 

Such liquid crystal displays and other image display 
15 devices are becoming higher in definition year by year. The 
load capacitances of the scanning lines and the signal 
lines are increasing along with this. 

Further, the video signal of the existing NTSC 
(National Television System Committee) system is set in its 
20 screen display period to a frequency of 60 Hz per field 

(cdDOut 16.7 ms in terms of time) and a frequency of 30 Hz 
per frame (about 33.3 ms in terms of time). Accordingly, 
when the number of pixel lines increases accompanying 
higher definition, the time assigned to the display of one 
25 pixel line becomes short. The display period of this one 
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pixel line is a period excluding the horizontal blanking 
period of a head portion in one horizontal scanning (IH) 
period as referred to in the NTSC video signal format. 
In a high definition image display device, when a 
5 group of pixels of the effective pixel area is successively 
and repeatedly displayed for each of the three primary 
colors, the short line display period and the increased 
load capacitance of the signal lines explained above result 
in insufficient writing of the pixel data within a 

10 predetermined time and the inability to express colors of a 
predetermined liominance • 

Particularly, in a liquid crystal display, a liquid 
crystal layer sometimes deteriorates when an electric field 
having the same orientation is applied to the liquid 

15 crystal layer for a long time. From the viewpoint of 

preventing this, the method of driving by inverting the 
polarity of the pixel data for each pixel line is the 
general practice. For this reason, in a lic[uid crystal 
display, on tho average, it is necessary to change the 

20 signal line potential to about 2 times the pixel data. 
Since a long time is taken for changing this large 
potential difference, the insufficiency of the writing 
capacity of pixel data accompanying the higher definition 
has become remarkable. 

25 FIG. 7A and FIG. 7B show waveforms of pulses for 
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writing pixel data into signal lines. Here, FIG. 7A is a 
write pulse waveform diagram of a liquid crystal display 
having a low resolution, and FIG. 7B is a write pulse 
waveform diagram of a liquid crystal display having a high 
resolution. 

When the resolution of the display is low, the time 
duration of the permission pulse Pwl for the supply of data 
to the signal line is_j_ for example^ 12 /is which is 
relatively long. The pixel data is supplied to the signal 
line from a rising edge of this permission pulse Pwl. The 
potential 100 of the signal line starts to rise from that 
time and reaches a desired potential in accordance with a 
CR time constant determined according to the load 
capacitance of the signal line. A time Tpc required for th e 
charging— o# this signal line is sufficiently small in 
comparison with the pulse time duration (12 (is) . 

When the resolution of the display becomes high, 
however, the load capacitance abruptly increases and the CR 
time constant of the^interconnects becomes high as 
explained before. Therefore, the situation arises in 
which^ ha-fe the waveform becomes dull in accordance with the 
load capacitance^ like a signal line potential lOOA or lOOB 
shown in FIG. 7A, the signal line potential cannot reach 
the predetermined write potential within the predetermined 
write time, and the signal line cannot be sufficiently 
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charged. 

In addition, as shown in FIG. 7B, the write time per 
se becomes^ for example 5^ fis, which is short, and 
therefore, even if the load capacitance does not increase 
5 very much, sufficient charging of the signal line becomes 
difficult • 

In order to eliminate the insufficiency in the writing 
operation, the technique of precharging the signal line for 
boosting the signal line potential to an intermediate 

10 potential preceding the writing of the pixel data is known 
(seejr^ for examplejr^ Japanese Patent Publications; Japanese 
Patent Publication (A) No. HIO- 011032 or Japanese Patent 
Publication (A) No. 2003-177720). 

When employing this technique of precharging a signal 

15 line, as shown in FIG. 7C, if a signal line potential 102 
can reach a certain intermediate potential by the 
previously performed precharging (waveform 101) at the 
starting point of the rising edge of a permission pulse Pw2 
of the supply of data to the signal line, it becomes 

20 possible to make the signal line potential 102 reach the 
desired potential within a short permission pulse time. 

The precharge waveforms are drawn superposed at the 
time of charging of the signal line by the pixel data in 
FIG. 7C for convenience sake, but as disclosed in the above 

25 two publications, the signal line is frequently precharged 
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in the horizontal blanking period located at the head 
portion of one horizontal scanning period (IH) • 

Incidentally, the shortening of the write time 
accompanying the higher definition of the display described 
above occurs because olnco the drive clock frequency becomes 
high In addition to the Increase of pixel number of one 
pixel line. Therefore, the horizontal blanking period also 
becomes shorty and sometimes there Is no longer a 
sufficient precharglng time. Further, the amount to be 
precharged In the signal line Increases, and therefore the 
precharglng In such a horizontal blanking period has become 
difficult. Accordingly, realistically, there are actual 
circumstances where the effect of precharglng as shown In 
FIG. 7C are not sufficiently obtained with a high 
definition display. 

Explaining A n explanation of this Is given b y a more 
detailed example using FIG. 8A, In a low resolution liquid 
crystal display device having^ for example_£_ 480 x 32 0 
pixels or less2.— as shown In FIG. 8A, separately from the 
Interior of a horizontal drive circuit 111 arranged at one 
end of an effective pixel region 110, a precharge circuit 
112 Is provided on an opposite side of the signal line 113 . 
The horizontal drive circuit 111 Is provided with a select 
switch for controlling an output of the pixel data 
constituted by a CMOS transfer gate TGI for each signal 
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line 113. In the seune way, the precharge circuit 112 Is 
provided with a CMOS transfer gate TG2 . The supply of the 
precharge voltage is controlled by this CMOS transfer gate 
TG2. 

FIG. 8B shows details of two CMOS transfer gates. At 
the time of the horizontal drive of the display, a 
precharge signal SPC is applied to the signal line 113 of 
the effective pixel area from the CMOS transfer gate TG2 in 
the precharge circuit 112, and then a pixel data signal SDT 
is input to the signal line 113 of the effective pixel area 
from the CMOS transfer gate TGI of the horizontal drive 
circuit side. 

In a high resolution liquid crystal display device 
having 640 x 480 pixels or more corresponding to the VGA^ 
however, as previously explained, the drive frequency for 
driving the device becomes high and, at the same time, the 
load capacitance of the interconnects of the display device 
increases. Therefore, the signal line potential no longer 
reaches the expected intermediate potential in the 
predetermined write time, an the insufficient write 
operation occurs, and as a result a clear image is no 
longer obtained. 

In this that case, in order to perform a stable 
precharge, the size of the CMOS transfer gate TG2 must be 
increased, so the area occupied by the precharge circuit 
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112 increases. In addition/ the impedance of the signal 
line 113 must be lowered, the width o£ the interconnects 
must be broadened, and so on. Due to these problems, the 
percentage of substrate area occupied by the interconnects 
for precharging increases in the same way as— the above. 
Further, in package precharging, a high precharging 
capability is requiredj_— therefore, as shown in the overall 
block diagram in FIG. 9, the horizontal drive circuit 
(HDRV) 111 and the precharge circuit (PCH) 112 must be 
separately provided or one of two horizontal drive circuits 
must be equipped with the precharge function, so the 
increase of the area penalty of the precharge circuit 
becomes a problem. 

Further, the lowest limit of the precharging sometimes 
differs for each of the three primary colors. In such a 
case, with package precharging in the horizontal blanking 
period, the problem arioco of wasteful precharging for some 
of the colors arises . 

DISCLOSURE OF THE INVENTION 

TheA first problem to be solved by the present 
invention is that sufficient precharging of a signal line 
becomes difficult due to the higher definition of the image 
display device and the consequent higher speed of the drive 
clock, the shortening of the time of supply of the pixel 
data to the signal line, the increase in the signal line 
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load capacitance, and other factors. 

Further, thea second problem to be solved by the 
present Invention Is that a high precharglng capability is 
required for package precharglng for each of the three 
5 primary colors or each line, the scale of the precharge 
circuit increases and the area penalty becomes large, and 
wasteful power consumption occurs. 

The image display device (1) according to the present 
invention ha s having a group of pixels (effective pixel area 

10 2) arranged in a matrix in a predetermined array and 

assigned to three primary colors, and has having a signal 
line (6-1, 6-2, 6-n) connected for each column of the 
group of pixels, wherein pixel data of three primary colors 
(61R, 61G, 61B) are successively supplied for each color to 

15 a corresponding signal line (6-1, 6-2, "*, 6-n) during a 

period excluding a blanking period (IHB) of one horizontal 
scanning period (IH) constituted by a line display period 
(time duration of a pulse 60) for the color display of one 
pixel line, and wherein a select switch (TMG) is connected 

20 to each of the signal lines (6-1, 6-2, ', 6-n), a 

precharglng control circuit (40) is connected to the select 
switch (TMG) , and the precharglng control circuit (40) 
supplies permission pulses (63R, 63G, 63B) for the supply 
of data to signal lines (6-1, 6-2, 6-n) when making them 

25 display one color among three primary colors in the line 
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display period (time duration of pulse 60) to the select 
switch (TMG) of the corresponding signal line (6-1, 6-2, ', 
6-n) to turn the same on, turns on the select switch (TMG) 
of the signal line (6-1, 6-2, , 6-n) corresponding to 
5 another color to be displayed later In the same line 

display period (time duration of the pulse 60) during a 
period of supply (time duration of pulses 63R, 63G, 63B) of 
permission pulses of the supply of data with a precharge 
pulse (62R, 62G, 62B) having a time duration shorter than 

10 the supply time of the pixel data of the other color, and 
precharges the signal line (6-1, 6-2, 6-n) of the other 
color In advance to a predetermined potential • 

Preferably, the precharglng control circuit (40) 
changes the time duration or number of the precharge pulses 

15 (62R, 62G, 62B) to Increase the time of the precharge the 
shorter the time duration of the permission pulse (63R, 
63G, 63B) for the supply of data and the later the display 
of the color In the line display period (time duration of 
the pulse 60) • 

20 More preferably, the precharglng control circuit (40) 

supplies the precharge pulse (62R, 62G, 62B) for the 
precharge In the blanking period (IHB) located In the head 
portion of one horizontal scanning period (IH) to the 
signal line (6-1, 6-2, ', 6-n) corresponding to the color 

25 to be displayed first during the line display period (time 
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duration of pulse 60) • 

An image display panel according to the present 
invention has having a group of pixels (effective pixel area 
2) arranged in a matrix in a predetermined array and 
assigned to three primary colors, and has having a signal 
line (6-1, 6-2, 6-n) connected for each column of the 
group of pixels, wherein_p±xel data of three primary colors 
(61R, 61G, 61B) are successively supplied for each color to 
a corresponding signal line (6-1, 6-2, 6-n) during a 
period excluding a blanking period (IHB) of one horizontal 
scanning period (IH) constituted by a line display period 
(time duration of a pulse 60) for the color display of one 
pixel line, and wherein the image display panel is provided 
with a precharging control circuit (40) , and the 
precharging control circuit (40) is connected to a select 
switch (TMG) connected to each of the signal lines (6-1, 6- 
2, '", 6-n), supplies permission pulses (63R, 636, 63B) for 
the supply of data to signal lines (6-1, 6-2, ', 6-n) when 
making them display one color among three primary colors in 
the line display period (time duration of pulse 60) to the 
select switch (TMG) of the corresponding signal line (6-1, 
6-2, ", 6-n) to turn the same on, turns on the select 
switch (TMG) of the signal line (6-1, 6-2, *", 6-n) 
corresponding to another color to be displayed later in the 
same line display period (time duration of the pulse 60) 
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during a period of supply (time duration of pulses 63R, 
63G, 63B} of permission pulses of the supply of data with a 
precharge pulse (62R, 62G, 62B) having a time duration 
shorter than the supply time of the pixel data of the other 
5 color, and precharges the signal line (6-1, 6-2, ', 6-n) of 
the other color in advance to a predetermined potential • 

A panel drive device according to the present 
invention is provided for successively supplying pixel data 
of three primary colors (61R, 61G, 61B} for each color to a 

10 corresponding signal line (6-1, 6-2, 6-n) of an image 
display panel having a group of pixels (effective pixel 
area 2) arranged in a matrix in a predetermined array and 
assigned to three primary colors and having the signal line 
(6-1, 6-2, , 6-n) connected for each column of the group 

15 of pixels during a period excluding a blanking period (IHB) 
of one horizontal scanning period (IH) constituted by a 
line display period (time duration of a pulse 60) at the 
time of driving each pixel line, the panel drive device 
having a built-in precharging control circuit (40) , and 

20 wherein the precharging control circuit (40) is connected 
to a select switch (TMG) connected to each of the signal 
lines (6-1, 6-2, 6-n), supplies permission pulses (63R, 
63G, 63B) for the supply of data to signal lines (6-1, 6-2, 
', 6-n) when displaying one color among three primary 

25 colors in the line display period (time duration of pulse 
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60) to the select switch (TMG) of the corresponding signal 
line (6-1, 6-2, 6-n) to turn the same on, turns on the 
select switch (TMG) of the signal line (6-1, 6-2, ', 6-n) 
corresponding to another color to be displayed later in the 
5 same line display period (time duration of the pulse 60) 
during a period of supply (time duration of pulses 63R, 
63G, 63B) of permission pulses of the supply of data with a 
precharge pulse (62R, 62G, 62B) having a time duration 
shorter than the supply time of the pixel data of the other 

10 color, and precharges the signal line (6-1, 6-2, "*, 6-n) of 
the other color in advance to a predetermined potential • 
A method is provided foro # driving an image display 
panel according to the present invention f or_successively 
supplying pixel data of three primary colors (61R, 61G, 

15 6 IB) for each color to a corresponding signal line (6-1, 6- 
2, "*, 6-n) of an iioage display panel having a group of 
pixels (effective pixel area 2) arranged in a matrix in a 
predetermined array and assigned to three primary colors 
and having the signal line (6-1, 6-2, 6-n) connected for 

20 each column of the group of pixels during a period 
excluding a blanking period (IHB) of one horizontal 
scanning period (IH) constituted by a line display period 
(time duration of a pulse 60) for a color display for each 
pixel line, comprising supplying permission pulses (63R, 

25 63G, 63B) for the supply of data to signal lines (6-1, 6-2, 
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' , 6-n) when making them display one color among three 
primary colors In the line display period (time duration of 
pulse 60) to the select switch (TMG) of the corresponding 
signal line (6-1^ 6-2, "' , 6-n) to turn the same on and 
5 turning on the select switch (TMG) of the signal line (6-1, 
6-2, ', 6-n) corresponding to another color to be displayed 
later In the same line display period (time duration of the 
pulse 60) during a period of supply (time duration of 
pulses 63R, 63G, 63B) of permission pulses of the supply of 
10 data with a precharge pulse (62R, 62G, 62B) having a time 
duration shorter than the supply time of the pixel data of 
the other color so as to precharge the signal line (6-1, 6- 
2, •", 6-n) of the other color In advance to a predetermined 
potential . 

15 The operation In the present Invention will be 

explained by taking as an example an Image display device 
(1) displaying colors In a sequence of RGB. 

When a certain line Is selected and the blcuiklng 
period (IHB) of one horizontal scanning period (IH) ends 

20 and the line display period (time duration of pulse 60) Is 
entered, a permission pulse (63B) for permitting the supply 
of data to the signal line (6-1, 6-2, 6-n) to which a 
pixel of one color among the three primary colors, for 
example, ^^blue (B)", Is supplied from the precharglng 

25 control circuit (40) to the select switch (TMG) connected 
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to the signal line (6-1, 6-2, 6-n) • Due to this, the 
pixel data of ^^B" is supplied to the signal line (6-1, 6-2, 

6-n) with a ratio of^ for exainple_£_ one data per three 
lines for the color display. In the middle of application 
of the permission pulse (63B) for the supply of this B data 
and at a timing before the supply of the next ^^green (G)" 
data, the signal line (6-1, 6-2, *, 6-n) to be supplied 
with the G data is precharged. That is, the precharge pulse 
(62G) is applied to the select switch (TMG) of the signal 
line (6-1, 6-2, ', 6-n) to which the 6 pixel is connected. 
The time duration of this precharge pulse (62G) is shorter 
than that of the G pixel data pulse (61G) , and therefore 
the intermediate potential is determined for the signal 
line (6-1, 6-2, *, 6-n) by this precharging. Thereafter, 
the permission pulse (63G) of the supply of the G data is 
applied, and the pixel data of ^^G" is supplied to the 
signal line (6-1, 6-2, "", 6-n) with the ratio of one data 
per three lines for the color display. 

Below, in the seane way, ^^red (R) is precharged in the 
permission period of the supply of the G data. Note that 

also m ay be also bo precharged in the permission period 
of the supply of the first B data. In this case, the 
precharging time becomes longer or the precharge amount 
becomes larger the later the color is displayed. 

Such line display is repeated^ and then the video 
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display of one screen ends. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of an example of the 
configuration of a liquid crystal display device according 
5 to an embodiment of the present invention. 

FIG. 2 is a circuit diagram of a selector of a 
horizontal drive circuit equipped with a precharge 
function. 

FIG. 3 is a more specific circuit diagram of a second 
10 select switch circuit unit for precharging. 

FIG. 4A is a circuit symbol diagram of one select 
switch, while FIG. 4B is a circuit symbol diagram showing a 
modification of the select switch. 

FIG. 5A to FIG. 5G are timing charts of pulses at the 
15 time of a precharge operation. 

FIG. 6A to FIG. 6D are timing charts showing another 
example of precharge pulses. 

FIG. 7A to FIG. 7C are diagrams for explaining 
problems of the background art and showing relationships 
20 between permission pulses for supplying voltage to a signal 
line and a change in signal line potential used in the 
explanation of effects of the present invention. 

FIG. 8A and FIG. 8B are explanatory diagrams of pixel 
data and a technique of precharging from a different side 
25 of the signal line used in the explanation of the 
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background art . 

FIG. 9 Is a block diagrauKi of an Image display device 
separately arranging a horizontal drive circuit and a 
precharge circuit disclosed in the prior art. 

BEST MODE FOR WORKING THE INVENTION 

The present invention can be utilized p referably 
utilized in an image display device of a beam scanning type 
like a CRT other than the image display device of fixed 
pixels^ for example^ a LCD (Liquid Crystal Display) / a DMD 
(Digital Micro-mirror Device) or an organic EL element. 
Further^ the present invention can be utilized p referably 
utilized for also for an image display device having a 
built-in precharge circuit or a drive device of the image 
display panel. Further, the present invention can be 
applied to bot h of a line sequential driveline sequential 
drive and a p oint sequential drive . 

Here, an embodiment of the present invention will be 
explained by taking as an example a liquid crystal display 
device of a so-called multiplex system (also referred to as 
a "selector system"), one type of line sequential drive, 
and decreasing the niixciber of interconnects which are 
horizontally driven at one time by multiplex control. Here, 
the term ^^line sec[uence" means a ^^horizontal driving system 
for displaying color once at a time for each color of RGB 
in a display period of one pixel line'', while the term 
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^^point sequence" means a "horizontal driving method for 
successive color display o£ RGB and repeated color display 
for each pixel in the display period of one pixel line'' • 

FIG* 1 is a block diagram showing an example of the 
configuration of the liquid crystal display device 
according to the present embodiment. 

The liquid crystal display device 1, as shown in FIG, 
1, has an effective pixel area 2, a vertical drive circuit 
(VDRV) 3, and a horizontal drive circuit having a built-in 
precharge circuit (HDRV_&_PCH) . The configuration of the 
precharge circuit (PCH) in this horizontal drive circuit 4 
is one of the m ajor characterizing features of the present 
embodiment • 

In the effective pixel area 2, a plurality of pixels 
(hereinafter, referred to as "'pixel circuits") 21 are 
arrayed in a matrix. Each pixel circuit 21 is configured by 
a pixel select element constituted by a thin film 
transistor (TFT) TFT 21, a liquid crystal cell LC21 with a 
pixel electrode connected to the drain electrode (or source 
electrode) of the thin film transistor TFT 21, and a 
storage capacitor Cs21 with one electrode connected to the 
drain electrode of the thin film transistor TFT 21. 

For these pixel circuits 21, scanning lines 5-1 to 5-m 
are laid for each row along the pixel array direction, 
while signal lines 6-1 to 6-n are laid for each column 
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along the pixel array direction. 

The gate electrode of the thin film transistor TFT 21 
of each pixel circuit 21 is connected to one of the 
scanning lines 5-1 to 5-m determined in unit of rows* 
5 Further, the source electrode (or drain electrode) of the 
thin film transistor TFT 21 of each pixel circuit 21 is 
connected to one of the signal lines 6-1 to 6-n determined 
in unit of columns. 

Further, in the same way as a general liquid crystal 

10 display device, a storage capacitor interconnect Cs is 

independently laid, and a storage capacitor Cs21 is formed 
between this storage capacitor interconnect Cs and each 
pixel electrode. The storage capacitor interconnect Cs 
receives as input a horizontal direction drive pulse CS 

15 having the same phase as that of a common voltage Vcom. 

The other electrode (common electrode) of the liquid 
crystal cell LC21 of each pixel circuit 21 is connected to 
a supply line 7 of the common voltage Vcom having a 
polarity inverting for each horizontal scanning period 

20 (IH) . 

The scanning lines 5-1 to 5-m are driven by the 
vertical drive circuit 3, while the signal lines 6-1 to 6-n 
are driven by the horizontal drive circuit 4 • 

The vertical drive circuit 3 performs processing for 
25 scanning the scanning lines 5-1 to 5-m in the vertical 
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direction (coliiinn direction) for each field period and 
successively selecting pixel circuits 21 connected to the 
scanning lines 5-1 to 5-m in unit of rows. 

Namely, pixels of columns of the first row are 
5 selected when a scanning pulse SPl is given to the scanning 
line 5-1 from the vertical drive circuit 3, and pixels of 
columns of the second row are selected when a scanning 
pulse SP2 is given to the scanning line 5-2. Below, in the 
same way, scanning pulses SP3 (, ' , SPm) are successively 

10 given to the scanning lines 5-3, 5-m. 

The horizontal drive circuit 4 is a circuit for 
shifting the level of the pulse of the select signal 
supplied by a not shown clock generator and writes input 
video signals into pixel circuits in a line sequence by 

15 this operation. Further, the built-in precharge circuit 

thereof is a circuit for precharging signal lines 6-1 to 6- 
n in advance to the predetermined potential for the color 
display of RGB at the time of line sequential drive. 
FIG. 2 is a circuit diagram of a multiplexer 

20 configuration selector of the horizontal drive circuit 4 
equipped with this precharge fxmction. This selector is a 
circuit for controlling the permission for supply of the 
pixel data or the precharge voltage to each signal line 
based on a control signal from a control circuit. 

25 A selector 3 0 shown in FIG. 2 may be roughly divided 
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into a first select switch circuit unit 3 OA for controlling 
the permission for supply of pixel data and a second select 
switch circuit unit 3 OB for controlling the permission for 
supply of a precharge voltage Vpc. 

The first select switch circuit unit 3 OA has select 
switches 31-R, 31-G, 31-B^ , 34-R, 34-G, 34-B {, , 3n-R, 
3n-G, 3n-B) • The first select switch circuit unit 30A is 
for turning on or off the select switches according to a 
control signal S4 0A input from the control circuit 40 so as 
to select data signals SDTl to SDT4 (, ) to be written 
into pixel circuits 21 and supplying the same to the signal 
lines 6-1 to 6-n to thereby display a video image. 

In this llG[uld crystal display device, the three 
primary color data, that is, the R (red) data, the G 
(green) data, and the B (blue) data, are successively 
supplied to the signal lines. Specifically, first the B 
data is supplied to the signal lines to which the B pixels 
of the selected pixel line are connected with a ratio of 
one data per three lines among the signal lines 6-1 to 6-n, 
next the G data is supplied to the signal lines to which 
the G pixels of the selected pixel line are connected in 
the same way, and finally the R data is supplied to the 
signal lines to which the R pixels of the selected pixel 
line are connected in the same way to thereby write the RGB 
data into the pixel circuits 21 and make them display the 
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video image. Note that, here, one color is displayed at one 
pixel, but RGB may be used to define one pixel as well. In 
this case, the signal lines 6-1 to 6-n each have three 
select switches connected to them. 

FIG. 2 shows a state where only the select switches 
31-B to 34 -B corresponding to B are turned on. When the 
writing o£ the B data ends, only the select switches 31-G 
to 34 -G corresponding to G are turned on to write the G 
data. When the writing of the G data ends, only the select 
switches 31-R to 34 -R corresponding to R are turned to 
write the R data. Note that any arrangement of RGB and 
sequence of the data write operations may be used. 

On the other hand, the second select switch circuit 
unit 3 OB for precharging has the same number of select 
switches 51-R, 51-G, 51-B, , 54-R, 54-G, 54-B (, 5n-R, 
5n-G, 5n-B) as the first select switch circuit unit 30A. 
These select switches are connected to signal lines 
parallel to single select switches of the first select 
switch circuit unit 3 OA. That is, in the^ first three 
columns, select switches 31-R and 51-R, 31-G and 51-G, and 
31-B and 51-B are connected to signal lines as pairs. Also^ 
in the other coliomns, the same connection configuration is 
repeated. Terminals on the opposite sides to the signal 
lines of the select switches 51-R to 54 -B are commonly 
connected to the supply line of the precharge voltage Vpc. 
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The second select switch circuit unit 3 OB turns on or 
off each select switch according to a control signal S40B 
input from the control circuit 40, selects the signal lines 
6-1 to 6-n to which the precharge voltage Vpc should be 
5 supplied, and controls the amount of precharge (precharging 
time where the precharge voltage Vpc is constant) • 

FIG. 3 shows an example of a more specific circuit 
taking as an example the second select switch circuit unit 
3 OB for precharging. Further, an enlarged view of one 

10 select switch is shown in FIG. 4A. Note that, the 

difference of the configuration of the first select switch 
circuit unit 3 OA for supply of the pixel data from FIG. 3 
resides in that not all of the first terminals of the 
select switches are common. By being made common for each 

15 RGB and connected to the supply lines of the pixel data 

signals SDTl to SDT4 (see FXG. 2) , the switch configuration 
per se is the same, so an thc explanation is omitted here. 

Each of the select switches 51-R, 51-G, 51-B, ", 54-R, 
54-G, 54-B (, "*, 5n-R, 5n-G, 5n-B) shown in FIG. 2 is 

20 configured by, as shown in FIG. 4A, a transfer gate TMG-R, 
TMG-G, or TMG-B (described as TMG all together in FIG. 4A) 
formed by connecting sources ("S") of a p-channel MOS 
(PMOS) transistor 5P and an n-channel MOS (NMOS) transistor 
5N to each other and connecting drains ("D") thereof to 

25 each other. 
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Note that, where a COMS configuration Is not employed. 
It Is also possible to configure the select switch by one 
NMOS transistor as shown In FIG. 4B. 

In each transfer gate, as shown In FIG. 3, the 
5 conduction Is controlled according to select signals SELl, 
XSELl, SEL2, XSEL2, SEL3 , and XSEL3 taking complementary 
levels. The set of these select signals becomes the control 
signal S40B. 

Specifically, the transfer gates TMG-R configuring the 
10 R data use select switches 51 -R to 54 -R are controlled In 
conduction by the select signals SELl and XSELl. The 
transfer gates TMG-G configuring the G data use select 
switches 51-G to 54-G are controlled In conduction by the 
select signals SEL2 and XSEL2 . The transfer gates TMG-B 
15 configuring the B data use select switches 51 -B to 54 -B are 
controlled In conduction by the select signals SEL3 and 
XSEL3 . 

By employing such a configuration, the select switches 
used when supplying the pixel data to the signal lines In 

20 the multiplex system and the select switches for 

precharglng can be provided close, and therefore there Is 
the advantage that the switching characteristics of 
transistors become uniform within the drive device of the 
Image display panel (for example drive IC) , so the timing 

25 can be correctly controlled. 
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Next, the precharge operation will be explained with 
reference to the timing charts shown in FIG. 5A to FIG. 5G. 

As a horizontal pulse 60 shown in FIG. 5A, use can be 
made o£^ for examplejr_ a horizontal direction drive pulse CS 
5 shown in FIG. 1 or a pulse for inverting the video data and 
the precharge voltage for each pixel line. A predetermined 
time before this horizontal pulse 60 corresponds to the 
horizontal blanking period (IHB) in the horizontal scanning 
period (IH) , and the time duration of this horizontal pulse 

10 60 corresponds to the line display period. 

FIG. 5C, FIG. 5E, and FIG. 5G show an image data pulse 
6 IB (pulse time duration: Tl) of the B (blue) signal, an 
image data pulse 61G (pulse time duration: T2) of the G 
(green) signal, and an image data pulse 61R (pulse time 

15 duration: T3) of the R (red) signal. In a display of a line 
sequence, the color display of RGB signals is carried out 
in just one cycle for one pixel line in the predetermined 
sequence in this way. 

Precharge pulses with respect to the colors B, G, and 

20 R are indicated by any number of pulses 62B, 62G or 62R of 
the short time shown before the image data pulses of the 
different colors. Three pulses of each color are shown 
here, but there- fehey may be any number^ and the number m ay 
be different for each color. The number of precharge pulses 

25 62B with respect to the B signal is 0, that is, this can be 

25 
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omitted too. The precharge pulse 62B to the B signal must 
be applied before the application of the Image data pulse 
6 IB. In the same way, the precharge pulse 626 must be 
applied to the G signal before the application of the Image 
data pulse 61G, and the precharge pulse 62R must be applied 
to the R signal before the application of the Image data 
pulse 61R. 

Usually, the Image data pulses 61G and 61R are applied 
without a long time from the application of the Image data 
pulse of the color Immediately before that^— therefore^ the 
Image data pulse 6 IB and the precharge pulse 62G overlap In 
time, and the Image data pulse 61G and the precharge pulse 
62R overlap In time. On the other hand, when the precharge 
pulse 62B of the first B signal exists, this pulse 62B may 
overlap the horizontal blanking period IHB In time. 

Here, the pulses 63B, 63G, and 63R shown In FIG. 5B, 
FIG. 5D, and FIG. 5F are permission pulses of the supply of 
Image data for turning on select switches. The pulse time 
duration thereof Is different for each color. That Is, the 
permission pulse of the supply of the pixel data of the 
color to be displayed earlier has €^longer time duration. 
As a tho problem of the high definition display explained 
above, the Increase of the interconnect capacitance and the 
slow charging of the signal line potential were explained 
(see FIG. 7A) , but in such a case, the signal line is 
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charged to a higher potential the longer the selector 
switch is open. That is, the precharging becomes more 
sufficient the longer the time duration of the permission 
pulse for supply of the pixel data. In that sense, 
sometimes_£_ the precharge pulse 62B of the header B signal 
is unnecessary. Even in the case where it is necessary, the 
time (or amount) of the precharging can be made short. 
Further, the time (or amount) of the precharging by the 
precharge pulse 62G of the next G signal can be made 
shorter (smaller) than the time (or amount) of the 
precharging by the precharge pulse 62R of the next R 
signal. In the case of a high definition display, in this 
way, the supply of the pixel data becomes more insufficient 
the later the color is displayed, and therefore, desirably_j_ 
the precharge is applied more stronglyea? for a color 
displayed later. 

FIG. 6A to FIG. 6D show an example where the precharge 
is applied more stronglyea? for a color displayed later in 
this way. Note that the degree of precharge (amount) can be 
controlled by changing the number of pulses shown in FIG. 
6. In addition, it can be controlled by the pulse time 
duration^ or can be controlled by the value of the 
precharge voltage Vpc supplied at the time of the pulse ON^ 
and further can be controlled further b y a combinat:ion of 
them. Note that when the precharge voltage Vpc is 
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siibstantially equal to the average pixel data voltage 
value, the time duration of the precharge pulse is 
desirably made shorter than the time duration o£ the pixel 
data pulse. 

By such control, as shown in FIG. 7C, even when the 
rise VI of the potential due to the pixel data of each 
signal line is low, an offset voltage value V2 due to the 
precharging before that can be set reliably or with only 
the required value in accordance with the color. As a 
result, a video display of a desired brightness and a 
desired color balance can be achieved, and a high quality 
image is obtained. 

Further, as shown in FIG. 1, one horizontal drive 
circuit 4 can also can b e used as a precharge circuit, the 
area can be reduced, and the production cost can be kept 
down. 

Note that, in the above explanation, the case where 
the present invention was applied to an image display 
device was explained, but the present invention can also 
can b e applied to a display panel and drive device in a 
case where a precharge circuit having the configuration as 
shown in FIG. 2 is configured by TFTs^ etc. and built in 
the display panel or a case where a precharge circuit 
having the configuration as shown in FIG. 2 is built in the 
device for driving the display panel (for example^r^ the 
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drive IC) . 

In this way, in the image display device, the image 
display panel, the panel drive device, and the method o£ 
driving the image display panel o£ the present invention, 
even when liquid crystal display devices become higher in 
resolution and higher in definition, there is the advantage 
of resistance to malfunctions and deterioration of the 
image quality at the color display. Further, because the 
pulse drive has a short time duration, in comparison with 
package precharging, there is little wasted power 
consumption. Particularly^ the required precharge amount 
can be set for each color, and therefore there is no waste 
electrically in this point as well. Accordingly, the area 
and size of the precharging control circuit can be lowered 
to the lowest required lowest limit . 
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DESCRIPTION 



IMAGE DISPLAY DEVICE^ IMAGE DISPLAY PANEL, PANEL DRIVE 
DEVICE, AND METHOD OF DRIVING IMAGE DISPLAY PANEL 

5 

TECHNICAL FIELD 
The present Invention relates to an image display 
device for precharging a signal line with a predetermined 
potential in advance when successively supplying pixel data 

10 of three primary colors to the related signal line during a 
period excluding a blanking period of one horizontal 
scanning period, that is, a line display period, an image 
display panel having a precharge function, and a drive 
device and a method of driving an image display device. 

15 BACKGROUND ART 

An image display device, for example, a liquid crystal 
display or other image device display having fixed pixels, 
as is well known, has an effective pixel area in which a 
plurality of pixel circuits (hereinafter simply referred to 

20 as "pixels") are arrayed in a matrix and in which three 
primary colors are assigned to the pixels in a 
predetermined array • 

Each pixel of the liquid crystal display, while not 
particularly shown, is comprised of a pixel select element 

25 constituted by a thin film transistor (TFT) , a licjuid 
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crystal cell having a pixel electrode connected to a drain 
electrode (or a source electrode) of the TFT, and a storage 
capacitor having one electrode connected to the drain 
electrode of the TFT. 
5 These pixels have scanning lines laid along the pixel 

array direction of the pixel rows (hereinafter also 
referred to as "pixel lines") and signal lines referred to 
as data lines laid along the pixel array direction of the 
pixel columns. Gate electrodes of the TFTs of the pixels 
10 are connected to the same scanning line in \inits of pixel 

rows, while source electrodes (or drain electrodes) thereof 
are connected to the same signal line in units of pixel 
columns . 

Such liquid crystal displays and other image display 
15 devices are becoming higher in definition year by year. The 
load capacitances of the scanning lines and the signal 
lines are increasing along with this. 

Further, the video signal of the existing NTSC 
(National Television System Committee) system is set in its 
20 screen display period to a frequency of 60 Hz per field 

(about 16.7 ms in terms of time) and a frequency of 30 Hz 
per frcune (about 33.3 ms in terms of time). Accordingly, 
when the ntimber of pixel lines increases accompanying 
higher definition, the time assigned to the display of one 
25 pixel line becomes short. The display period of this one 
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pixel line is a period excluding the horizontal blanking 
period of a head portion in one horizontal scanning (IH) 
period as referred to in the MTSC video signal format. 
In a high definition image display device, when a 
5 group of pixels of the effective pixel area is successively 
and repeatedly displayed for each of the three primary 
colors, the short line display period and the increased 
load capacitance of the signal lines explained above result 
in insufficient writing of the pixel data within a 

10 predetermined time and the inability to express colors of a 
predetermined luminance . 

Particularly, in a liquid crystal display, a liquid 
crystal layer sometimes deteriorates when an electric field 
having the same orientation is applied to the liquid 

15 crystal layer for a long time. From the viewpoint of 

preventing this, the method of driving by inverting the 
polarity of the pixel data for each pixel line is the 
general practice. For this reason, in a liquid crystal 
display, on average, it is necessary to change the signal 

20 line potential to cQDOut 2 times the pixel data. Since a 
long time is taken for changing this large potential 
difference, the insufficiency of the writing capacity of 
pixel data accompanying the higher definition has become 
remarkable • 

25 FIG. 7A and FIG. 7B show waveforms of pulses for 
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writing pixel data into signal lines* Here, FIG. 7A is a 
write pulse waveform diagraun of a liquid crystal display 
having a low resolution, and FIG. 7B is a write pulse 
waveform diagrsun of a liquid crystal display having a high 
5 resolution. 

When the resolution of the display is low, the time 
duration of the permission pulse Pwl for the supply of data 
to the signal line is, for example, 12 fia which is 
relatively long. The pixel data is supplied to the signal 

10 line from a rising edge of this permission pulse Pwl. The 
potential 100 of the signal line starts to rise from that 
time and reaches a desired potential in accordance with a 
CR time constant determined according to the load 
capacitance of the signal line. A time Tpc required for 

15 charging this signal line is sufficiently small in 
comparison with the pulse time duration (12 fia) • 

When the resolution of the display becomes high, 
however, the load capacitance abruptly Increases and the CR 
time constant of the interconnects becomes high as 

20 explained before. Therefore, the situation arises in which 
the waveform becomes dull in accordance with the load 
capacitance, like a signal line potential lOOA or lOOB 
shown in FIG. 7A, the signal line potential cannot reach 
the predetermined write potential within the predetermined 

25 write time, and the signal line cannot be sufficiently 
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charged . 

In addition, as shown In FIG. 7B, the write time per 
se becomes, for example 5, fis, which is short, and 
therefore, even if the load capacitance does not increase 
5 very much, sufficient charging of the signal line becomes 
difficult. 

In order to eliminate the insufficiency in the writing 
operation, the technique of precharging the signal line for 
boosting the signal line potential to an intermediate 

10 potential preceding the writing of the pixel data is known 
(see, for example, Japanese Patent Publications: Japanese 
Patent Publication (A) No. HID -011032 or Japanese Patent 
Publication (A) No. 2003-177720) . 

When employing this technique of precharging a signal 

15 line, as shown in FIG. 7C, if a signal line potential 102 
can reach a certain intermediate potential by the 
previously performed precharging (waveform 101) at the 
starting point of the rising edge of a permission pulse Pw2 
of the supply of data to the signal line, it becomes 

20 possible to make the signal line potential 102 reach the 
desired potential within a short permission pulse time. 

The precharge waveforms are drawn superposed at the 
time of charging of the signal line by the pixel data in 
FIG. 7C for convenience sake, but as disclosed in the above 

25 two publications, the signal line is frequently precharged 
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in the horizontal blanking period located at the head 
portion of one horizontal scanning period (IH) • 

Incidentally, the shortening of the write time 
accompanying the higher definition of the display described 
5 above occurs because the drive clock frequency becomes high 
In addition to the Increase of pixel niomber of one pixel 
line. Therefore, the horizontal blanking period also 
becomes short, and sometimes there Is no longer a 
sufficient precharglng time. Further, the amount to be 

10 precharged In the signal line Increases, and therefore the 
precharglng In such a horizontal blanking period has become 
difficult. Accordingly, realistically, there are actual 
circumstances where the effect of precharglng as shown In 
FIG. 7C are not sufficiently obtained with a high 

15 definition display. 

An explanation of this Is given by a more detailed 
example using FIG. 8A, In a low resolution liquid crystal 
display device having, for example, 480 x 320 pixels or 
less; as shown In FIG. 8A, separately from the Interior of 

20 a horizontal drive circuit 111 arranged at one end of an 
effective pixel region 110, a precharge circuit 112 Is 
provided on an opposite side of the signal line 113 . The 
horizontal drive circuit 111 Is provided with a select 
switch for controlling an output of the pixel data 

25 constituted by a CMOS transfer gate TGI for each signal 
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line 113. In the same way, the precharge circuit 112 Is 
provided with a CMOS transfer gate TG2 • The supply of the 
precharge voltage Is controlled by this CMOS transfer gate 
TG2. 

5 FIG. 8B shows details of two CMOS transfer gates. At 

the time of the horizontal drive of the display, a 
precharge signal SPC is applied to the signal line 113 of 
the effective pixel area from the CMOS transfer gate TG2 in 
the precharge circuit 112, and then a pixel data signal SDT 

10 is input to the signal line 113 of the effective pixel area 
from the CMOS transfer gate TGI of the horizontal drive 
circuit side. 

In a high resolution liquid crystal display device 
having 640 x 480 pixels or more corresponding to the VGA, 

15 however, as previously explained, the drive frequency for 
driving the device becomes high and, at the same time, the 
load capacitance of the interconnects of the display device 
increases. Therefore, the signal line potential no longer 
reaches the expected Intermediate potential in the 

20 predetermined write time, an insufficient write operation 
occurs, and as a result a clear image is no longer 
obtained. 

In this case, in order to perform a stable precharge, 
the size of the CMOS transfer gate TG2 must be increased, 
25 so the area occupied by the precharge circuit 112 
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increases. In addition, the impedance of the signal line 
113 must be lowered, the width of the interconnects must be 
broadened, and so on. Due to these problems, the percentage 
of substrate area occupied by the interconnects for 
5 precharging increases in the same way as above. Further, in 
package precharging, a high precharging capability is 
required; therefore, as shown in the overall block diagram 
in FIG. 9, the horizontal drive circuit (HDRV) 111 and the 
precharge circuit (PCH) 112 must be separately provided or 

10 one of two horizontal drive circuits must be equipped with 
the precharge function, so the increase of the area penalty 
of the precharge circuit becomes a problem. 

Further, the lowest limit of the precharging sometimes 
differs for each of the three primary colors. In such a 

15 case, with package precharging in the horizontal blanking 

period, the problem of wasteful precharging for some of the 
colors arises. 

DISCLOSURE OF THE INVENTION 
The first problem to be solved by the present 
20 invention is that sufficient precharging of a signal line 

becomes difficult due to the higher definition of the image 
display device and the consequent higher speed of the drive 
clock, the shortening of the time of supply of the pixel 
data to the signal line, the increase in the signal line 
25 load capacitance, and other factors. 
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Further, the second problem to be solved by the 
present Invention is that a high precharging capability is 
required for package precharging for each of the three 
primary colors or each line, the scale of the precharge 
5 circuit increases and the area penalty becomes large, and 
wasteful power consumption occurs. 

The image display device (1) according to the present 
invention has a group of pixels (effective pixel area 2) 
arranged in a matrix in a predetermined array and assigned 

10 to three primary colors, and has a signal line (6-1, 6-2, 
"', 6-n) connected for each column of the group of pixels, 
wherein pixel data of three primary colors (61R, 616, 6 IB) 
are successively supplied for each color to a corresponding 
signal line (6-1, 6-2, "', 6-n) during a period excluding a 

15 blanking period (IHB) of one horizontal scanning period 

(IH) constituted by a line display period (time duration of 
a pulse 60) for the color display of one pixel line, and 
wherein a select switch (TMG) is connected to each of the 
signal lines (6-1, 6-2, "*, 6-n), a precharging control 

20 circuit (40) is connected to the select switch (TMG) , and 
the precharging control circuit (40) supplies permission 
pulses (63R, 63G, 63B) for the supply of data to signal 
lines (6-1, 6-2, 6-n) when making them display one color 
among three primary colors in the line display period (time 

25 duration of pulse 60) to the select switch (TMG) of the 
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corresponding signal line (6-1/ 6-2, , 6-n) to turn the 
same on, turns on the select switch (TMG) o£ the signal 
line (6-1, 6-2, "*, 6-n) corresponding to another color to 
be displayed later In the same line display period (time 
5 duration of the pulse 60) during a period of supply (time 
duration of pulses 63R, 63G, 63B) of permission pulses of 
the supply of data with a precharge pulse (62R, 62G, 62B) 
having a time duration shorter than the supply time of the 
pixel data of the other color, and precharges the signal 

10 line (6-1, 6-2, 6-n) of the other color In advance to a 
predetermined potential • 

Preferably, the precharglng control circuit (40) 
changes the time duration or number of the precharge pulses 
(62R, 62G, 62B) to Increase the time of the precharge the 

15 shorter the time duration of the permission pulse (63R, 

63G, 63B) for the supply of data and the later the display 
of the color In the line display period (time duration of 
the pulse 60) • 

More preferably, the precharglng control circuit (40) 

20 supplies the precharge pulse (62R, 62G, 62B) for the 

precharge In the blanking period (IHB) located In the head 
portion of one horizontal scanning period (IH) to the 
signal line (6-1, 6-2, ', 6-n) corresponding to the color 
to be displayed first during the line display period (time 

25 duration of pulse 60) • 
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An image display panel according to the present 
invention has a group o£ pixels (effective pixel area 2) 
arranged in a matrix in a predetermined array and assigned 
to three primary colors, and has a signal line (6-1, 6-2, 
5 6-n) connected for each colxomn of the group of pixels, 

wherein pixel data of three primary colors (61R, 616, 61B) 
are successively supplied for each color to a corresponding 
signal line (6-1, 6-2, "', 6-n) during a period excluding a 
blanking period (1H6) of one horizontal scanning period 

10 (IH) constituted by a line display period (time duration of 
a pulse 60) for the color display of one pixel line, and 
wherein the image display panel is provided with a 
precharging control circuit (40) , and the precharging 
control circuit (40) is connected to a select switch (TMG) 

15 connected to each of the signal lines (6-1, 6-2, 6-n), 
supplies permission pulses (63R, 63G, 63B) for the supply 
of data to signal lines (6-1, 6-2, , 6-n) when making them 
display one color among three primary colors in the line 
display period (time duration of pulse 60) to the select 

20 switch (TMG) of the corresponding signal line (6-1, 6-2, 

6-n) to turn the same on, turns on the select switch (TMG) 
of the signal line (6-1, 6-2, , 6-n) corresponding to 
another color to be displayed later in the Scune line 
display period (time duration of the pulse 60) during a 

25 period of supply (time duration of pulses 63R, 63G, 63B) of 

11 
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permission pulses of the supply of data with a precharge 
pulse (62R, 62G, 62B} having a time duration shorter than 
the supply time of the pixel data of the other color, and 
precharges the signal line (6-1/ 6-2, 6-n) of the other 
5 color in advance to a predetermined potential. 

A panel drive device according to the present 
invention is provided for successively supplying pixel data 
of three primary colors (61R, 61G, 61B) for each color to a 
corresponding signal line (6-1, 6-2, *, 6-n) of an image 

10 display panel having a group of pixels (effective pixel 

area 2) arranged in a matrix in a predetermined array and 
assigned to three primary colors and having the signal line 
(6-1, 6-2, *, 6-n) connected for each column of the group 
of pixels during a period excluding a blanking period (IHB) 

15 of one horizontal scanning period (IH) constituted by a 
line display period (time duration of a pulse 60) at the 
time of driving each pixel line, the panel drive device 
having a built-in precharging control circuit (40) , and 
wherein the precharging control circuit (40) is connected 

20 to a select switch (TM6) connected to each of the signal 
lines (6-1, 6-2, 6-n), supplies permission pulses (63R, 
63G, 63B) for the supply of data to signal lines (6-1, 6-2, 

6-n) when displaying one color among three primary 
colors in the line display period (time duration of pulse 

25 60) to the select switch (TMG) of the corresponding signal 

12 
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line (6-1, 6-2, 6-n) to turn the same on, turns on the 
select switch (TMG) o£ the signal line (6-1, 6-2, 6-n) 
corresponding to another color to be displayed later in the 
same line display period (time duration of the pulse 60) 
5 during a period of supply (time duration of pulses 63R, 

63G, 63B) of permission pulses of the supply of data with a 
precharge pulse (62R, 62G, 62B) having a time duration 
shorter than the supply time of the pixel data of the other 
color, and precharges the signal line (6-1, 6-2, " , 6-n) of 

10 the other color in advance to a predetermined potential . 

A method is provided for driving an image display 
panel according to the present invention for successively 
supplying pixel data of three primary colors (61R, 61G, 
61B) for each color to a corresponding signal line (6-1, 6- 

15 2, "*, 6-n) of an image display panel having a group of 

pixels (effective pixel area 2) arranged in a matrix in a 
predetermined array and assigned to three primary colors 
and having the signal line (6-1, 6-2, *, 6-n) connected for 
each column of the group of pixels during a period 

20 excluding a blanking period (IHB) of one horizontal 

scanning period (IH) constituted by a line display period 
(time duration of a pulse 60) for a color display for each 
pixel line, comprising supplying permission pulses (63R, 
63G, 63B) for the supply of data to signal lines (6-1, 6-2, 

25 , 6-n) when making them display one color among three 
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primary colors in the line display period (time duration of 
pulse 60) to the select switch (TMG) o£ the corresponding 
signal line (6-1, 6-2, ', 6-n) to turn the same on and 
turning on the select switch (TMG) of the signal line (6-1, 
5 6-2, 6-n) corresponding to another color to be displayed 
later in the same line display period (time duration of the 
pulse 60) during a period of supply (time duration of 
pulses 63R, 63G, 63B) of permission pulses of the supply of 
data with a precharge pulse (62R, 62G, 62B) having a time 
10 duration shorter than the supply time of the pixel data of 
the other color so as to precharge the signal line (6-1, 6- 
2, 6-n) of the other color in advance to a predetermined 
potential • 

The operation in the present invention will be 
15 explained by taking as axi example an image display device 
(1) displaying colors in a sequence of RGB. 

When a certain line is selected and the blanking 
period (IHB) of one horizontal scanning period (IH) ends 
and the line display period (time duration of pulse 60) is 
20 entered, a permission pulse (63B) for permitting the supply 
of data to the signal line (6-1, 6-2, *, 6-n) to which a 
pixel of one color among the three primary colors, for 
example, ^^blue (B)'', is supplied from the precharging 
control circuit (40) to the select switch (TMG) connected 
25 to the signal line (6-1, 6-2, ', 6-n). Due to this, the 
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pixel data of ^^B" is supplied to the signal line (6-1, 6-2, 
"*, 6-n) with a ratio o£, £or example, one data per three 
lines for the color display. In the middle of application 
of the permission pulse (63B) for the supply of this B data 
5 and at a timing before the supply of the next "green (G)" 
data, the signal line (6-1, 6-2, "•, 6-n) to be supplied 
with the G data is precharged. That is, the precharge pulse 
(62G) is applied to the select switch (TMG) of the signal 
line (6-1, 6-2, ", 6-n) to which the G pixel is connected. 

10 The time duration of this precharge pulse (62G) is shorter 
than that of the G pixel data pulse (61G) , and therefore 
the intermediate potential is determined for the signal 
line (6-1, 6-2, 6-n) by this precharging. Thereafter, 
the permission pulse (63G) of the supply of the G data is 

15 applied, and the pixel data of "G'' is supplied to the 

signal line (6-1, 6-2, 6-n) with the ratio of one data 
per three lines for the color display. 

Below, in the same way, "red (R) is precharged in the 
permission period of the supply of the G data. Note that 

20 ^^R'' also may be precharged in the permission period of the 
supply of the first B data. In this case, the precharging 
time becomes longer or the precharge amount becomes larger 
the later the color is displayed. 

Such line display is repeated, and then the video 

25 display of one screen ends. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 Is a block diagram o£ an example o£ the 
configuration of a liquid crystal display device according 
to an embodiment of the present Invention. 
5 FIG. 2 Is a circuit diagram of a selector of a 

horizontal drive circuit equipped with a precharge 
function. 

FIG. 3 Is a more specific circuit diagram of a second 
select switch circuit unit for precharglng. 
10 FIG. 4A Is a circuit symbol diagram of one select 

switch, while FIG. 4B Is a circuit symbol diagram showing a 
modification of the select switch. 

FIG. 5A to FIG. 5G are timing charts of pulses at the 
time of a precharge operation. 
15 FIG. 6A to FIG. 6D are timing charts showing another 

exeunple of precharge pulses. 

FIG. 7A to FIG. 7C are diagrams for explaining 
problems of the backgroiind art and showing relationships 
between permission pulses for supplying voltage to a signal 
20 line and a change in signal line potential used in the 
explanation of effects of the present invention. 

FIG. 8A and FIG. SB are explanatory diagrams of pixel 
data and a technique of precharglng from a different side 
of the signal line used in the explanation of the 
25 background art . 



16 
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FIG. 9 Is a block diagrcun of an Image display device 
separately arranging a horizontal drive circuit and a 
precharge circuit disclosed In the prior art. 

BEST MODE FOR WORKING THE INVENTION 
5 The present Invention can be utilized preferedDly In an 

Image display device o£ a beam scanning type like a CRT 
other than the Image display device of fixed pixels, for 
example, a LCD (Liquid Crystal Display) , a DMD (Digital 
Mlcro-mlrror Device) or an organic EL element. Further, the 

10 present Invention can be utilized preferably also for an 

Image display device having a built- In precharge circuit or 
a drive device of the Image display panel. Further, the 
present Invention can be applied to both a line sequential 
drlvellne sequential drive and a point sequential drive. 

15 Here, an embodiment of the present Invention will be 

explained by taking as an exaunple a liquid crystal display 
device of a so-called multiplex system (also referred to as 
a "selector system"), one type of line sequential drive, 
and decreasing the nuiaber of Interconnects which are 

20 horizontally driven at one time by multiplex control. Here, 
the term ^^llne sequence'' means a ^^horlzontal driving system 
for displaying color once at a time for each color of RGB 
In a display period of one pixel line'', while the term 
^^polnt sec[uence" means a ^^horlzontal driving method for 

25 successive color display of RGB and repeated color display 

17 
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for each pixel In the display period of one pixel line" • 
FIG. 1 is a block diagram showing an example of the 
configuration of the liquid crystal display device 
according to the present embodiment. 
5 The liquid crystal display device 1, as shown in FIG. 

1, has an effective pixel area 2, a vertical drive circuit 
(VDRV) 3, and a horizontal drive circuit having a built-in 
precharge circuit (HDRV & PCH) . The configuration of the 
precharge circuit (PCH) in this horizontal drive circuit 4 
10 is one of the major characterizing features of the present 
embodiment . 

In the effective pixel area 2, a plurality of pixels 
(hereinafter, referred to as "pixel circuits") 21 are 
arrayed in a matrix. Each pixel circuit 21 is configured by 

15 a pixel select element constituted by a thin film 

transistor (TFT) TFT 21, a liquid crystal cell LC21 with a 
pixel electrode connected to the drain electrode (or source 
electrode) of the thin film transistor TFT 21, and a 
storage capacitor Cs21 with one electrode connected to the 

20 drain electrode of the thin film transistor TFT 21. 

For these pixel circuits 21, scanning lines 5-1 to 5-m 
are laid for each row along the pixel array direction, 
while signal lines 6-1 to 6-n are laid for each colimin 
along the pixel array direction. 

25 The gate electrode of the thin film transistor TFT 21 
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of each pixel circuit 21 is connected to one o£ the 
scanning lines 5-1 to 5-m determined in unit of rows. 
Further^ the source electrode (or drain electrode) of the 
thin film transistor TFT 21 of each pixel circuit 21 is 
5 connected to one of the signal lines 6-1 to 6-n determined 
in unit of columns. 

Further, in the same way as a general liquid crystal 
display device, a storage capacitor interconnect Cs is 
independently laid, and a storage capacitor Cs21 is formed 

10 between this storage capacitor interconnect Cs and each 
pixel electrode. The storage capacitor interconnect Cs 
receives as input a horizontal direction drive pulse CS 
having the same phase as that of a common voltage Vcom. 

The other electrode (common electrode) of the licjuid 

15 crystal cell LC21 of each pixel circuit 21 is connected to 
a supply line 7 of the common voltage Vcom having a 
polarity inverting for each horizontal scanning period 
(IH) . 

The scanning lines 5-1 to 5-m are driven by the 
20 vertical drive circuit 3, while the signal lines 6-1 to 6-n 
are driven by the horizontal drive circuit 4 . 

The vertical drive circuit 3 performs processing for 
scanning the scanning lines 5-1 to 5-m in the vertical 
direction (column direction) for each field period and 
25 successively selecting pixel circuits 21 connected to the 
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scanning lines 5-1 to 5-in in unit of rows. 

Namely, pixels o£ columns o£ the first row are 
selected when a scanning pulse SPl is given to the scanning 
line 5-1 from the vertical drive circuit 3, and pixels of 
5 columns of the second row are selected when a scanning 

pulse SP2 is given to the scanning line 5-2. Below, in the 
same way, scanning pulses SP3 (, SPm) are successively 
given to the scanning lines 5-3, "', 5-m« 

The horizontal drive circuit 4 is a circuit for 

10 shifting the level of the pulse of the select signal 

supplied by a not shown clock generator and writes input 
video signals into pixel circuits in a line sequence by 
this operation. Further, the built-in precharge circuit 
thereof is a circuit for precharging signal lines 6-1 to 6- 

15 n in advance to the predetermined potential for the color 
display of RGB at the time of line sequential drive. 

FIG. 2 is a circuit diagram of a multiplexer 
configuration selector of the horizontal drive circuit 4 
equipped with this precharge function. This selector is a 

20 circuit for controlling the permission for supply of the 
pixel data or the precharge voltage to each signal line 
based on a control signal from a control circuit. 

A selector 3 0 shown in FIG. 2 may be roughly divided 
into a first select switch circuit xinit 30A for controlling 

25 the permission for supply of pixel data and a second select 
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switch circuit unit 3 OB for controlling the permission for 
supply of a precharge voltage Vpc. 

The first select switch circuit unit 3 OA has select 
switches 31-R, 31-G, 31-B, , 34-R, 34-G, 34-B , 3n-R, 

5 3n-G, 3n-B) • The first select switch circuit \init 30A is 
for turning on or off the select switches according to a 
control signal S40A input from the control circuit 40 so as 
to select data signals SDTl to SDT4 (, ) to be written 
into pixel circuits 21 and supplying the seuxie to the signal 

10 lines 6-1 to 6-n to thereby display a video image. 

In this liquid crystal display device, the three 
primary color data, that is, the R (red) data, the G 
(green) data, and the B (blue) data, are successively 
supplied to the signal lines. Specifically, first the B 

15 data is supplied to the signal lines to which the B pixels 
of the selected pixel line are connected with a ratio of 
one data per three lines among the signal lines 6-1 to 6-n, 
next the G data is supplied to the signal lines to which 
the G pixels of the selected pixel line are connected in 

20 the same way, and finally the R data is supplied to the 
signal lines to which the R pixels of the selected pixel 
line are connected in the same way to thereby write the RGB 
data into the pixel circuits 21 and make them display the 
video image. Note that, here, one color is displayed at one 

25 pixel, but RGB may be used to define one pixel as well. In 

21 
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this case, the signal lines 6-1 to 6-n each have three 
select switches connected to them. 

FIG. 2 shows a state where only the select switches 
31-B to 34-B corresponding to B are turned on. When the 
5 writing of the B data ends, only the select switches 31-6 
to 34-6 corresponding to 6 are turned on to write the 6 
data. When the writing of the 6 data ends, only the select 
switches 31-R to 34 -R corresponding to R are turned to 
write the R data. Note that any arrangement of R6B and 

10 secjuence of the data write operations may be used. 

On the other hand, the second select switch circuit 
unit 3 OB for precharging has the same niunber of select 
switches 51-R, 51-6, 51-B, , 54-R, 54-6, 54-B (, , 5n-R, 
5n-6, 5n-B) as the first select switch circuit unit 30A. 

15 These select switches are connected to signal lines 

parallel to single select switches of the first select 
switch circuit unit 3 OA. That is, in the first three 
columns, select switches 31-R and 51-R, 31-6 and 51-6, and 
31-B and 51-B are connected to signal lines as pairs. Also, 

20 in the other col\2mns, the same connection configuration is 
repeated. Terminals on the opposite sides to the signal 
lines of the select switches 51-R to 54-B are commonly 
connected to the supply line of the precharge voltage Vpc. 
The second select switch circuit unit 3 OB turns on or 

25 off each select switch according to a control signal S40B 
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input from the control circuit 40, selects the signal lines 
6-1 to 6-n to which the precharge voltage Vpc should be 
supplied, and controls the amount of precharge (precharging 
time where the precharge voltage Vpc is constant) . 
5 FIG. 3 shows an example of a more specific circuit 

taking as an example the second select switch circuit unit 
3 OB for precharging. Further, an enlarged view of one 
select switch is shown in FIG. 4A. Note that, the 
difference of the configuration of the first select switch 

10 circuit unit 3 OA for supply of the pixel data from FIG. 3 
resides in that not all of the first terminals of the 
select switches are common. By being made common for each 
RGB and connected to the supply lines of the pixel data 
signals SDTl to SDT4 (see FIG. 2) , the switch configuration 

15 per se is the same, so an explcoiation is omitted here. 

Each of the select switches 51-R, 51-G, 51-B, "', 54-R, 
54-G, 54-B (, , 5n-R, 5n-G, 5n-B) shown in FIG. 2 is 
configured by, as shown in FIG. 4A, a transfer gate TMG-R, 
TMG-G, or TMG-B (described as TMG all together in FIG. 4A) 

20 formed by connecting sources C'S") of a p- channel MOS 

(PMOS) transistor 5P and an n-channel MOS (NMOS) trauisistor 
5N to each other and connecting drains ("D") thereof to 
each other. 

Note that, where a COMS configuration is not employed, 
25 it is also possible to configure the select switch by one 
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NMOS transistor as shown in FIG. 4B. 

In each transfer gate, as shown in FIG. 3, the 
conduction is controlled according to select signals SELl, 
XSELl, SEL2, XSEL2, SEL3 , and XSEL3 taking complementary 
5 levels. The set o£ these select signals becomes the control 
signal S40B. 

Specifically, the transfer gates TMG-R configuring the 
R data use select switches 51-R to 54-R are controlled in 
conduction by the select signals SELl and XSELl. The 

10 transfer gates TMG-G configuring the G data use select 

switches 51-G to 54-G are controlled in conduction by the 
select signals SEL2 and XSEL2 . The transfer gates TMG-B 
configuring the B data use select switches 51-B to 54 -B are 
controlled in conduction by the select signals SEL3 and 

15 XSEL3 . 

By employing such a configuration, the select switches 
used when supplying the pixel data to the signal lines in 
the multiplex system and the select switches for 
precharging can be provided close, and therefore there is 

20 the advantage that the switching characteristics of 

transistors become uniform within the drive device of the 
image display panel (for example drive IC) , so the timing 
can be correctly controlled. 

Next, the precharge operation will be explained with 

25 reference to the timing charts shown in FIG. 5A to FIG. 5G. 



24 
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As a horizontal pulse 60 shown in FIG. 5A, use can be 
made of, for example, a horizontal direction drive pulse CS 
shown in FIG. 1 or a pulse for inverting the video data and 
the precharge voltage for each pixel line. A predetermined 
5 time before this horizontal pulse 60 corresponds to the 

horizontal blanking period (IHB) in the horizontal scanning 
period (IH) , and the time duration of this horizontal pulse 
60 corresponds to the line display period. 

FIG. 5C, FIG. 5E, and FIG. 5G show an image data pulse 

10 61B (pulse time duration: Tl) of the B (blue) signal, an 
image data pulse 61G (pulse time duration: T2) of the G 
(green) signal, and axi image data pulse 61R (pulse time 
duration: T3) of the R (red) signal. In a display of a line 
sequence, the color display of RGB signals is carried out 

15 in just one cycle for one pixel line in the predetermined 
secjuence in this way. 

Precharge pulses with respect to the colors B, G, and 
R are indicated by any number of pulses 62B, 62G or 62R of 
the short time shown before the image data pulses of the 

20 different colors. Three pulses of each color are shown 

here, but there may be cuiy nxomber, and the number may be 
different for each color. The number of precharge pulses 
62B with respect to the B signal is 0, that is, this can be 
omitted too. The precharge pulse 62B to the B signal must 

25 be applied before the application of the image data pulse 
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6 IB. In the same way, the precharge pulse 62G must be 
applied to the G signal before the application o£ the image 
data pulse 61G, and the precharge pulse 62R must be applied 
to the R signal before the application of the image data 
5 pulse 61R. 

Usually, the image data pulses 61G and 61R are applied 
without a long time from the application of the image data 
pulse of the color immediately before that; therefore, the 
image data pulse 6 IB and the precharge pulse 62G overlap in 

10 time, and the image data pulse 61G and the precharge pulse 
62R overlap in time. On the other hand, when the precharge 
pulse 62B of the first B signal exists, this pulse 62B may 
overlap the horizontal blanking period IHB in time. 

Here, the pulses 63B, 63G, and 63R shown in FIG. 5B, 

15 FIG. 5D, and FIG. 5F are permission pulses of the supply of 
image data for turning on select switches. The pulse time 
duration thereof is different for each color. That is, the 
permission pulse of the supply of the pixel data of the 
color to be displayed earlier has longer time duration. As 

20 a problem of the high definition display explained above, 
the increase of the interconnect capacitance and the slow 
charging of the signal line potential were explained (see 
FIG. 7A) , but in such a case, the signal line is charged to 
a higher potential the longer the selector switch is open. 

25 That is, the precharging becomes more sufficient the longer 

26 
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the time duration of the permission pulse for supply of the 
pixel data. In that sense, sometimes, the precharge pulse 
62B of the header B signal is unnecessary. Even in the case 
where it is necessary, the time (or amount) of the 
5 precharging can be laade short. Further, the time (or 

amount) of the precharging by the precharge pulse 62G of 
the next G signal can be made shorter (smaller) than the 
time (or amount) of the precharging by the precharge pulse 
62R of the next R signal. In the case of a high definition 

10 display, in this way, the supply of the pixel data becomes 
more insufficient the later the color is displayed, and 
therefore, desirably, the precharge is applied more 
strongly for a color displayed later. 

FIG. 6A to FIG. 6D show an example where the precharge 

15 is applied more strongly for a color displayed later in 

this way. Note that the degree of precharge (amount) can be 
controlled by changing the number of pulses shown in FIG. 
6. In addition, it can be controlled by the pulse time 
duration, or can be controlled by the value of the 

20 precharge voltage Vpc supplied at the time of the pulse ON, 
and can be controlled further by a combination of them. 
Note that when the precharge voltage Vpc is substantially 
equal to the average pixel data voltage value, the time 
duration of the precharge pulse is desiredDly made shorter 

25 than the time duration of the pixel data pulse. 
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By such control, as shown in FIG. IC, even when the 
rise VI of the potential due to the pixel data of each 
signal line is low, an offset voltage value V2 due to the 
precharging before that can be set reliably or with only 
5 the required value in accordance with the color. As a 
result, a video display of a desired brightness and a 
desired color balance can be achieved, and a high quality 
image is obtained. 



10 circuit 4 also can be used as a precharge circuit, the area 
can be reduced, and the production cost can be kept down. 

Note that, in the above explanation, the case where 
the present invention was applied to an image display 
device was explained, but the present invention also can be 

15 applied to a display panel and drive device in a case where 
a precharge circuit having the configuration as shown in 
FIG. 2 is configured by TFTs, etc. and built in the display 
panel or a case where a precharge circuit having the 
configuration as shown in FIG. 2 is built in the device for 

20 driving the display panel (for example, the drive IC) • 

In this way, in the image display device, the image 
display panel, the panel drive device, and the method of 
driving the image display panel of the present invention, 
even when liquid crystal display devices become higher in 

25 resolution and higher in definition, there is the advantage 



Further, as shown in FIG. 1, 



one horizontal drive 
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of resistance to malfunctions and deterioration of the 
ixoage quality at the color display. Further, because the 
pulse drive has a short time duration, in comparison with 
package precharging, there is little wasted power 
consumption. Particularly, the required precharge amount 
can be set for each color, and therefore there is no waste 
electrically in this point as well. Accordingly, the area 
and size of the precharging control circuit can be lowered 
to the lowest required limit. 
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